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Description 

This invention concerns orthopaedic joint compo- 
nents, tools and methods more particularly for use in 
relation to the femur at the knee joint. The invention 
has in fact been conceived initially with a view to appli- 
cation as or for a femoral component of so-called 
unicompartmental form in a prosthesis according to 
GB Patent No. 1,534,263. It is accordingly appropriate 
to describe the invention in more detail in terms of 
such application, but it is to be understood that the 
invention is more widely applicable to other forms of 
prosthesis. A prosthetic femoral component according 
to the preamble of Claim 1 is known from US-A- 47 1 9 
908. 

In the present context "unicompartmental" qual- 
ifies a component discretely applicable to a femoral 
condyle to provide a replacement articular surface. 
While two such components can be used on the 
associated condyles of a joint, this distinguishes from 
a bicompartmental component in which a single one- 
piece femoral component has an associated pair of 
condylar parts connected by a bridging portion, and 
also from a tricompartmental component in which the 
bridging portion defines a patellar articular surface. 

In the same context "surface replacement", used 
hereinafter, involves the provision of a component 
having a body largely of shell form and defining two 
principal surfaces in back-to-back disposition, one 
such surface being intended as the replacement 
articular surface and the other such major surface to 
interface with the relevant bone. In this case the bone 
is of course the femur at the knee and the respective 
principal surfaces are commonly grossly convex and 
concave. 

Unicompartmental components presently in 
routine use include two principal types. In each type 
the articular surface is normally of polyradial shape, 
that is to say the surface is deliberately non-spherical. 
This shaping appears to reflect confused thinking 
which assumes a need for a varying centre of curva- 
ture for the articular surface in direct relationship with 
the fact that there is, in the natural situation, a varying 
centre of rotation between the femur and tibia during 
flexion-extension movement. Generation of the latter 
variation is of course appropriate following surgery if 
the natural joint function, including the action of 
retained ligaments, is itself to be closely simulated but 
study in development of the present invention finds no 
necessity for a related polyradial curvature. 

The routinely used types differ, however, in the 
form of interface surface configuration used in rela- 
tion to securement of the component to the bone. In 
one type the interface surface consists of a plurality 
of plane facets intended for securement, with or with- 
out bone cement, against a closely matched surface 
cut on the condyle. The other type is of surface rep- 
lacement form and the corresponding interface sur- 



face closely follows the polyradial shape of the articu- 
lar surface. This type is intended for securement with 
cement, the condyle being at best relatively coarsely 
prepared in terms of matching and the cement being 

5 deployed to fill gaps resulting from mismatching. 

There are difficulties and disadvantages with 
both types. For the one type the related bone prepa- 
ration is complex by virtue of the need to cut plural 
facets in a predetermined relationship to match the 

10 component. Moreover this difficulty is compounded 
by the repetition which is necessary if the bone shap- 
ing requires relocation to attain a better final position 
for the component. Also the interface between the 
component and bone will necessarily be irregular 

15 relative to the trabecular structure of the latter and this 
will result in the transmission of non-compressive for- 
ces through the interface during subsequent patient 
use of the joint, which forces can lead to component 
loosening. For the other type the final position for the 

20 component is determined in an effectively arbitrary 
manner and this cannot be reliably compatible with 
maintenance of normal ligament action or, therefore, 
joint function. 

An object of the present invention is to reduce 

25 these difficulties and disadvantages. 

To this end the invention in one aspect provides 
a prosthetic femoral component for the knee joint 
comprising a body defined between two principal sur- 
faces in back-to-back disposition, one of such sur- 

30 faces being of three-dimensionally curved convex 
shape to serve a condyular articulation function, and 
the other such surface being grossly concave for sec- 
urement with the femur, said other principal surface 
having a major area of curved shape to form with the 

35 corresponding area of the one surface a shell, and a 
minor area of essentially planar shape, characterised 
in that said curved shape is essentially that of a sur- 
face of revolution about an axis therethrough, and 
said planar shape is parallel to said axis. 

40 This component is preferably of unicompartmen- 

tal surface replacement form. 

Preferably the one principal surface and/or major 
area of the other principal surface is/are spherically 
shaped and when both are so shaped they are pref- 

45 erably concentric. 

In another aspect the invention provides, for use 
with a component according to the invention, a surgi- 
cal tool for shaping a femoral condyle, the tool having 
concave cutting means rotatable about an axis there- 

50 through to describe a surface of revolution substan- 
tially equating with that of said component major area, 
and having a guide member projecting coaxially 
within said cutting surface. 

Preferably in such a tool the cutting means and 

55 guide member are relatively adjustable to vary the 
effective axial length of the latter within the former. 

These aspects of the invention together with the 
preferred and other forms thereof will be clarified by 
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consideration of the following further description 
given by way of example with reference to the accom- 
panying drawings, in which:- 

Figures I and 2 respectively schematically illus- 
trate two types of prior art unicompartmental 
femoral component, 

Figure 3 illustrates natural shaping in the femur at 
the knee joint, 

Figure 4 diagrammatically illustrates in side and 
plan views (a) and (b) one embodiment of a com- 
ponent according to the invention, 
Figure 5 similarly illustrates a related surgical tool 
for use in application of the component of Figure 
4, and 

Figures 6-8 schematically illustrate successive 
stages in a procedure for application of the com- 
ponent of Figure 4. 

Figure I schematically illustrates in side view a 
unicorn par tment femoral component 10 of the first 
type referred to above. The component has a main 
body of elongate form as shown defining an articular 
surface II and an interface surface 12. The articular 
surface II is longitudinally curved in polyradial manner 
with progressive increase in curvature towards one 
end, which end is to be sited posteriorly, and the sur- 
face is also transversely curved. The interface sur- 
face 12 consists of three plane facets but will 
commonly be supplemented with one or more project- 
ing elements, usually of pin and/or blade form, to 
penetrate the bone for purposes of securement. 

Figure 2 schematically illustrates in a perspective 
view a unicompartmental femoral component 20 of 
the second type referred to above. This component is 
of surface replacement form and has a shell body of 
elongate form as shown defining a polyradial articular 
surface 21 similar to surface II in Figure I and an inter- 
face surface 22 which closely concavely approxim- 
ates surface 21. Again the interface surface 22 will 
commonly be supplemented by one or more elements 
to aid securement with bone, but this will usually be 
in a less pronounced manner to form a key with 
cement. 

Figure 3 illustrates natural shaping in the femur 
30 at the knee joint by way of a diagrammatic section 
through the sulcus of the trochlear groove. The lon- 
gitudinal, that is to say the antero-posterior profile of 
the condyle is seen at 31. Development of the inven- 
tion rests, in part, on the consideration that this profile 
and also the related transversely extending areas of 
the condyle can be very closely represented by a 
spherical surface as indicated by the circular outline 
32. Moreover such a sphere is found to be of substan- 
tially constant radius over large bodies of adult popu- 
lation, with "large" in this context extending to National 
or greater size. This consideration is, of course, 
counter to current thinking and femoral component 
design. 

Also, although the condylar surface appears to be 



continuous with that of the trochlear groove in which 
the patella articulates, the areas of these surfaces 
which in fact perform a significant articularfunction in 
respective relation to the tibia and patella are found to 

5 be quite separate. The trochlear groove area in ques- 
tion is indicated at 33. This again contradicts current 
thinking whereby femoral components commonly 
exhibit features designed to accommodate patellar 
articulation even when the component is not of tricom- 

10 partmental form. 

These considerations and findings in develop- 
ment of the present invention led to the view that an 
idealised femoral component can have spherical 
articular shaping. The component is preferably 

15 unicompartmental to give flexibility for use in relation 
to different joint conditions without entailing a neces- 
sary constraint to accommodate patella function in all 
conditions. The component is preferably of surface 
replacement form with an interface surface which is 

20 spherical and concentric with the articular surface. 
This will simplify manufacture of the component, mini- 
mise the need for bone removal and, because the 
interface will be positioned in a substantially regular 
manner perpendicularly across the adjacent trabecul- 

25 lar structure, minimise the transmission of non-com- 
pressive forces to the bone. 

Practical development of the invention to date 
closely approaches this ideal by way of the unicom- 
partmental component 40 of Figure 4. This compo- 

30 nent is of one-piece construction and elongate form 
having a main body composed of a shell body portion 
41 for application to the inferior part of a condyle and 
a continuing secondary body portion 42 for appli- 
cation to the posterior part of the condyle. The com- 

35 ponent defines a convex spherical articular surface 

43 extending continuously over both body portions, 
while the shell portion defines a major interface sur- 
face area 44 substantially of concave spherical shape 
concentric with articular surface 43, and the secon- 

40 dary portion defines a minor interface surface area 
45 of substantially planar shape extending chordally 
relative to surface 43. The component additionally 
has a pin 46 projecting radially inwardly from surface 

44 and with its axis in parallel and symmetrical rela- 
45 tion with surface 45. 

The component of Figure 4 differs from the above 
ideal for compatability with the practical development 
to date of related securement techniques. 

These techniques involve a cutting tool 50 of the 

50 form shown by Figure 5. The tool can be termed a 
spigotted spherically-concave end mill. The tool has 
a shaft 51 for operable engagement at its free end in 
a suitable rotary power source. At its other end the 
shaft carries the milling cutter 52, the concave spheri- 

55 cal cutting face of which is coaxial with the shaft and 
shaped to equate with the interface surface area 44 
of the associated component. A spigot 53 projects 
radially inwardly of the cutting surface coaxially from 
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the shaft, the relative positions of the cutter and spigot 
being adjustable axially of the latter in a continuous or 
discrete incremental manner by a screw or other 
mechanism. This adjustment suitably covers a small 
range of movement about a datum length for the 
spigot equal to the articular spherical radius of the 
related component. 

Successive stages of the presently developed 
technique are illustrated by the remaining drawings. 

In this technique the knee joint is suitably exp- 
osed, and a plane facet cut on the tibial plateau of the 
relevant compartment. This facet is to serve as a 
basis for securement of a tibial component for associ- 
ation with the subject femoral component, these com- 
ponents being additionally associated with a meniscal 
component therebetween if the teaching of GB Patent 
No. 1,534,263 is followed. 

With the joint in a position of about 90° flexion as 
shown in Figure 6, a jig 60 of basically three-part form 
is applied to locate a shoe part 61 between the plane 
facet already cut and the now-facing posterior portion 
of the related femoral condyle, a drill guide part 62 
across the inferior portion of the condyle, and an 
alignment part 63 extending parallel to the longitudi- 
nal axis of the femoral shaft. The shoe part 61 has an 
elongate face which is concavely transversely curved 
against the condyle. The guide part 62 has a smaller 
bore 64 and a larger bore 65, each axially parallel with 
the alignment part 63 and in a common plane with the 
latter. The alignment part 63 is shown to extend exter- 
nally of the femur, but in an alternative form it can 
extend internally as an intramedullary nail. 

The jig 60 is positioned as indicated in associa- 
tion with a spacer 70 between the shoe part 61 and the 
tibial plane facet, this spacer serving to represent the 
thickness of the associated tibial component to be 
secured to such facet, plus the thickness of any 
related meniscal component. More specifically this 
location is such as to position the guide part bore 65 
substantially in alignment with the normal spherical 
radius at the neighbouring point of the condle and at 
a spacing above the spacer 70 corresponding to the 
radius R of sphericity for the articular surface 43 of the 
component intended for use. The radius R is, of 
course, determined on the basis of preceding X-ray or 
other pre-surgical examination, and/or assessment 
following exposure of the joint, substantially to match 
that of the condyle to be resurfaced. 

This jig positioning will result in ligament action 
being sustained in a normal manner at flexion. Also, 
it is to be noted that such positioning is determined, 
in part, by reference to the posterior portion of the 
condyle where damage due to arthrosis occurs late in 
the progression of the condition to be obviated by 
prosthesis. Thus component positioning is deter- 
mined by reference to joint geometry which is com- 
monly viable in indicating normality for the patient. 

In any event, when so positioned, the condyle is 



drilled by way of guide part bore 64 and a pin 66 
engaged to stabilise the jig position. Then, the con- 
dyle is drilled through guide part bore 65 to a depth 
R. 

5 The next stage following use of jig 60 involves 

application of a saw block 80 to the condyle whereby 
the posterior portion can be removed to leave a plane 
facet as shown by Figure 7. This saw block has pins 
81 and 82 to engage in the condyle bores and so posi- 

10 tion the block in a stable manner. 

Thereafter the tool 50 is applied to engage its 
spigot in the bore in the condyle. Operation of the tool 
cuts the inferior portion of the condyle to leave a 
spherically convex face, this face being of markedly 

15 higher quality than that from a saw or other tool. 

It is to be noted that the tool 50 is operated with 
its spigot limiting the depth of cut into the bone and 
that adjustment can be made to progressively reduce 
the spigot length while allowing intervening appli- 

20 cations of the component, or a trial form thereof, to 
test the positioning by reference to ligament action 
with the joint extended. 

Initially, the spigot length will be R with succes- 
sive small reductions, of about 0.5 mm, say, being 

25 made to this length until testing shows that the com- 
ponent will be equally spaced from the tibia at about 
90° flexion and full extension by the thickness of the 
associated tibial component plus any related menis- 
cal component. It will be appreciated that this pro- 

30 gressive adjustment towards the desired result is 
simplified by the fact that the condyle has previously 
been sawn to provide a plane facet extending parallel 
to the direction of adjustment whereby the overall cut 
area of the condyle does not change in shape at any 

35 stage during use of the tool 50. Prismatic or other 
facetted shapes extending parallel to the direction of 
adjustment will give a similar facility. 

The resultant shaping of the condyle will be seen 
to receive the component of Figure 4 as shown in Fig- 

40 ure 8. 

A remaining point to note in relation to the com- 
ponent of Figure 4 is that the interface surfaces 44 
and 45 will conform very closely to the indicated 
spherical and planar shapings, but in practice can 

45 vary in fine detail for the purposes of securement. For 
example, if securement is to rely on the use of cement, 
these surfaces may be formed with a roughened fin- 
ish to afford a key while having the indicated overall 
shapes. Alternatively, or in addition, these surfaces 

50 can be relieved to a small extent to provide the same 
overall shaping within a low peripheral rim whereby a 
uniformly thin layer of cement is provided between the 
component and bone during securement. Similarly, 
where securement involving bone growth is intended, 

55 the related component surfaces can be formed with 
fine pores or like irregularities in accordance with 
established techniques, while still exhibiting the indi- 
cate overall shaping. In this case, the component sur- 
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faces can, for example, be relieved such as just men- 
tioned and filled back to the desired shapes with hyd- 
roxyapatite or other suitable material. 

While the invention has been more fully described 
with reference to the drawings, it has been indicated 
in the preceding description that wider application is 
possible. 

Other unicompartmental forms can be advan- 
tageous relative to present routine components. For 
example a polyradial rather than spherical articular 
surface can be used while employing interface sur- 
faces as described to obtain the related benefits of the 
latter. Conversely, or in addition, the spherically 
shaped interface surface area can be of non-spheri- 
cal revolutionary shape while still allowing benefit 
from a simplified securement procedure. Again the 
illustrated form may be improved to have a wholly 
spherical or other rotationally defined interface sur- 
face for use in association with further developed sec- 
urement procedures. 

To the extent that the impact of the invention is 
wholly confined to treatment of the femoral condyle, 
the invention is of course applicable to bi- and tricom- 
partmental forms of component. 

Similarly the invention, while conceived in rela- 
tion to use in prosthetic devices involving tripartite 
femoral, tibial and intervening meniscal components, 
the invention is equally applicable to device forms 
involving directly engageable femoral and tibial com- 
ponents. 



Claims 

1. A prosthetic femoral component (40) for the 
knee joint comprising a body (41,42) defined between 
two principal surfaces (43; 44,45) in back-to-back dis- 
position, one (43) of such surfaces being of three- 
dimensionally curved convex shape to serve a 
condyular articulation function, and the other (44,45) 
such surface being grossly concave for securement 
with the femur (30), said other principal surface hav- 
ing a major area (44) of curved shape to form with the 
corresponding area of the one surface a shell, and a 
minor area (45) of essentially planar shape, charac- 
terised in that said curved shape is essentially that of 
a surface of revolution about an axis therethrough, 
and said planar shape is parallel to said axis. 

2. A component according to Claim I wherein at 
least one of said one principal surface and said major 
area is spherically shaped. 

3. A component according to Claim 2 wherein 
both of said one principal surface and said major area 
are spherically shaped in mutually concentric manner. 

4. A component according to Claim 1,2, or 3 whe- 
rein said two principal surfaces are each of elongate 
form and said major and minor areas extend over re- 
spectively different, mutually adjoining end portions 



thereof. 

5. A component according to any preceding claim 
wherein said body has an elongate member (46) pro- 
jecting from said major area along the axis of rotation 

5 thereof. 

6. Acomponent according to Claim 5 wherein said 
member is of pin form. 

7. A component according to Claim 5 or 6 wherein 
said member projects from said major area along said 

10 axis to no greater extent than the remainder of said 
body. 

8. Acomponent according to any preceding claim 
of unicompartmental form. 

9. A component according to any preceding claim 
15 in combination with a surgical tool (50) for use in shap- 
ing a femoral condyle for securement therewith of said 
component, such tool having concave cutting means 
(52) rotatable about an axis therethrough to describe 
a surface of revolution substantially equating with that 

20 of said component major area, and having a guide 
member (53) projecting coaxially within said cutting 
means. 

10. A combination according to Claim 9 wherein 
said cutting means (52) and guide member (53) are 

25 relatively adjustable to vary the effective axial length 
of the latter within the former. 



Patentanspruche 

30 

1. Oberschenkel-Prothesenbestandteil (40) fur 
das Kniegelenk, umfassend einen Korper (41,42), der 
zwischen zwei Hauptflachen (43;44, 45) in Rucken- 
zu-Rucken-Anordnung ausgebildet ist, wobei eine 

35 (43) solcher Flachen dreidimensional in konvexer 
Form abgebogen ist, um eine condylare Gelenkfunk- 
tion auszuuben, wahrend die andere (44,45) dieser 
Flachen grob konkav zur Befestigung mit dem Ober- 
schenkel (30) ist, und wobei die andere Hauptflache 

40 einen uberwiegenden Bereich (44) gebogener Form 
besitzt, um mit dem entsprechenden Bereich der an- 
deren Flache ein Gehause zu bilden, sowie einen klei- 
neren Bereich (45) im wesentlichen planarer Form, 
dadurch gekennzeichnet, dali die gebogene Form 

45 diejenige einer Drehflache um eine Achse dadurch 
ist, und wobei die planare Form parallel zu dieser Ach- 
se ist. 

2. Bestandteil nach Anspruch I, bei dem minde- 
stens die eine Hauptflache (43) und der uberwiegen- 

50 de Bereich spharisch geformt sind. 

3. Bestandteil nach Anspruch 2, bei dem beide 
Hauptflachen und der hauptsachliche Bereich spha- 
risch in gegenseitig konzentrischer Weise geformt 
sind. 

55 4. Bestandteil nach Anspruch I, 2 oder 3, bei dem 

die beiden Hauptflachen jeweils langliche Form besit- 
zen und der uberwiegende und der kleinere Bereich 
sich uberentsprechend unterschiedliche, gegenseitig 
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aneinandergrenzende Endabschnitte davon erstrek- 
ken. 

5. Bestandteil nach irgendeinem der vorstehen- 
den Anspruche, bei dem der Korper ein langliches 
Glied (46) aufweist, das von dem uberwiegenden Be- 
reich entlang dessen Drehachse herausragt. 

6. Bestandteil nach Anspruch 5, bei dem das 
Glied die Form eines Bolzens besitzt. 

7. Bestandteil nach Anspruch 5 Oder 6, bei dem 
das Glied vom uberwiegenden Bereich entlang der 
genannten Achse in einem nicht grolieren Ausmafi 
als das ubrige des Korpers herausragt. 

8. Bestandteil nach irgendeinem der vorstehen- 
den Anspruche in Einzelfachform. 

9. Bestandteil nach irgendeinem der vorstehen- 
den Anspruche in Kombination mit einem chirurgi- 
schen Werkzeug (50) zur Verwendung beim Formen 
eines femuralen Gelenkhockers zur Befestigung des 
Bestandteils damit, wobei ein solches Werkzeug ein 
konkaves Schneidmittel (52) besitzt, das um eine 
Achse da durch drehbar ist, um eine Drehflache zu 
beschreiben, die im wesentlichen der der Uberwie- 
genden Flache des Bestandteils gleicht, und wobei 
ein Furungsmittel (53) koaxial innerhalb des Schneid- 
mittels herausragt. 

10. Kombination nach Anspruch 9, bei dem das 
Schneidmittel (52) und das Fuhrungsglied (53) relativ 
einstellbar sind, um die wirksame Axiallange des letz- 
teren innerhalb des ersteren zu verandern. 



Revendications 



chacune une forme allongee et les zones plus grande 
et plus petite s'etendent sur des portions terminales 
adjacentes Tune a I'autre et respectivement differen- 
tes de celles-ci. 
5 5.- Composant selon Tune des revendications 

precedentes, dans lequel le corps a un element 
allonge (46) se projetant de la zone la plus grande le 
long de I'axe de rotation de celle-ci. 

6. - Composant selon la revendication 5, dans 
10 lequel ledit element a la forme d'une broche. 

7. - Composant selon la revendication 5 ou la 
revendication 6, dans lequel ledit element se projette 
de la zone la plus grande le long de cet axe sur une 
distance non superieure au reste du corps. 

15 8.- Composant selon Tune quelconque des 

revendications precedentes, ayant une forme a un 
seul compartiment. 

9. - Composant selon Tune des revendications 
precedentes, en combinaison avec un outil chirurgi- 

20 cal (50) util ise pour former u n condyle femoral pour la 
fixation sur lui de ce composant, cet outil ayant des 
moyens d'usinage concaves (52) pouvant tourner 
autour d'un axe le traversant pour decrire une surface 
de revolution sensiblement egale a celle de la zone la 

25 plus grande du composant, et ayant un element de 
guidage (53) se projetant coaxialement a I'interieurde 
ces moyens d'usinage. 

10. - Combinaison selon la revendication 9, dans 
laquelle les moyens d'usinage (52) et I'element de 

30 guidage (53) peuvent etre regies I'un par rapport a 
I'autre pour faire varier la longueur axiale effective du 
dernier a I'interieur du premier. 



1. - Composant femoral prothetique (40) pour 
I'articulation du genou, comprenant un corps (41,42) 35 
def ini entre deux surfaces principales (43;44,45) dis- 
posers dos a dos, I'une (43) de ces surfaces ayant 

une forme convexe incurvee dans les trois dimen- 
sions pour servir d'articulation condylaire, et I'autre 
(44,45) de ces surfaces etant en gros concave pour 40 
etre f ixee sur le femur (30), cette deuxieme surface 
principale ayant une zone plus importante (44) de 
forme incurvee pour former avec la zone correspon- 
dante de la premiere surface une coquille, et une 
zone plus petite (45) essentiellement plane, caracte- 45 
rise en ce que ladite forme incurvee est essentielle- 
ment celle d'une surface de revolution autour d'un 
axe la traversant, et que ladite forme plane est paral- 
lel a cet axe. 

2. - Composant selon la revendication 1, dans 50 
lequel I'une au moins de la premiere surface princi- 
pale et de la zone plus grande a une forme spherique. 

3. - Composant selon la revendication 2, dans 
lequel la premiere surface principale et la zone plus 
grande sont toutes deux de forme spherique et 55 
concentriques I'une a I'autre. 

4. - Composant selon I'une des revendications 1 
a 3, dans lequel les deux surfaces principales ont 
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